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An inefficient home appliance is difficult to be detected by the consumers. The consumers 
are often to pay overcharged electricity bills due to the power overconsuming household 
electrical appliance. Therefore, this project describes on the development of a low-cost 
device to monitor the energy consumption with the addition of IoT technology which is 
named as Integrated Wi-Fi Socket Outlet with Power Consumption Reader (WISOC). 
The device could display three types of information on its screen which are the power 
consumption (W), the energy consumption (Wh) and the cost of electricity (RM). The 
device also can transfer its data to the internet by using Blynk application software and 
display it to an IoT compatible devices such as smartphone and computers. There are ten 
household appliances that were tested and each with different time taken range. 
Calibration is needed to improve the accuracy by calibrating the current to 0A with no 
load. The accuracy of measurements using WISOC are determine using true rms clamp 
meter by comparing the current measured by WISOC with the current measured by true 
rms clamp meter and small difference will deduced that the device is accurate. As for 
detection of inefficient appliances, the reading of power measured by WISOC is 
compared with the power rated of appliances and if the reading of power measured by 
WISOC is larger than the power rated of appliances, the appliances are deemed to be 
inefficient. All the results are then tabulated in tables and graphs. Furthermore, this 
project still has the room for improvement in terms of accuracy of measurement, 






Perkakas rumah yang tidak cekap sukar dikesan oleh pengguna. Para pengguna sering 
membayar bil elektrik yang berlebihan disebabkan kuasa mengatasi peralatan rumah 
elektrik. Oleh itu, laporan projek ini menerangkan tentang pembangunan alat kos rendah 
untuk memantau penggunaan tenaga dengan penambahan teknologi IoT yang dinamakan 
sebagai Wi-Fi Outlet Soket Bersepadu dengan Pembaca Penggunaan Kuasa (WISOC). 
Peranti boleh memaparkan tiga maklumat pada skrinnya iaitu penggunaan kuasa (W), 
penggunaan tenaga (Wh) dan kos elektrik (RM). Peranti ini juga boleh memindahkan data 
ke internet dengan menggunakan perisian aplikasi Blynk dan memaparkannya ke peranti 
serasi IOT seperti telefon pintar dan komputer. Terdapat sepuluh perkakas rumah yang 
akan diuji dan masing-masing mempunyai pelbagai masa yang diambil. Penentukuran 
diperlukan untuk meningkatkan ketepatan dengan menentukur arus ke 0A tanpa beban. 
Ketepatan pengukuran menggunakan WISOC akan ditentukan menggunakan meter 
pengikat rms dengan membandingkan arus yang diukur oleh WISOC dengan arus diukur 
oleh meter pengikat rms dan perbezaan kecil akan menyimpulkan bahawa peranti adalah 
tepat. Bagi pengesanan perkakas yang tidak cekap, bacaan kuasa yang diukur oleh 
WISOC dibandingkan dengan kuasa yang diberi nilai alat dan jika pembacaan kuasa yang 
diukur oleh WISOC adalah lebih besar daripada kuasa yang diberi nilai perkakas, 
perkakas itu dianggap tidak cekap. Kesemua hasilnya kemudian ditabulasi dalam jadual 
dan graf. Selain itu, projek ini masih mempunyai ruang untuk peningkatan dari segi 























Table of Contents v 
List of Tables ix 
List of Figures xi 
List of Symbols xv 
List of Abbreviations xvi 
 
Chapter 1 INTRODUCTION  
 1.1 Project Background 1 
 1.2 Problem Statement 3 
 1.3 Project Objective 6 
 1.4 Scope of Work 6 
 1.5 Importance of Study 7 
 1.6 Thesis Outline 7 
 1.7 Summary 8 
   
Chapter 2 LITERATURE REVIEW  
 2.1 Introduction 9 
 2.2 Electricity Meter 9 
  2.2.1 Electromechanical meter 9 
  2.2.2 Electronics meter 11 
  2.2.3 Smart meter 12 
  2.2.4 WISOC meter 13 
 2.3 Internet of Things (IoT) 14 
 2.4 Electrical Theory 14 
  2.4.1 RMS Current 15 
  2.4.2 Power Calculation 15 




 2.5 Previous Research 18 
  2.5.1 Bluetooth Smart Plug 18 
  2.5.2 Development of An Arduino-Based  
  Automated Household Utility Power  
  Monitoring System 
19 
  2.5.3 Arduino and GSM Based Smart  
  Energy Meter for Advanced Metering 
  and Billing System 
19 
  2.5.4 Data acquisition and control using  
  Arduino-Android Platform: Smart  
  plug 
20 
  2.5.5  YoMo: the Arduino-based smart  
  metering board 
21 
  2.5.6 Raspberry Pi Based Energy Efficient 
  Load Monitoring System 
22 
  2.5.7 IoT Based Smart Power Metering 23 
  2.5.8 PowerBlade: A Low-Profile, True- 
  Power, Plug-Through Energy Meter 
23 
  2.5.9 Gemini: A Non-Invasive, Energy- 
  Harvesting True Power Meter 
24 
  2.5.10 IOT Based Data Processing for Home 
  and Industrial Monitoring Using  
  Raspberry Pi 
25 
 2.6 Electricity Pricing Tariff in Malaysia 26 
 2.7 Summary 28 
   
Chapter 3 METHODOLOGY  
 3.1 Introduction 29 
 3.2 Project Plan 30 
 3.3 Hardware Development 33 
  3.3.1 Block diagram and conceptual design 





  3.3.2 Schematic diagram of the WISOC  
  major component 
34 
  3.3.3 Components required 
 
36 
 3.4 Software Development 42 
  3.4.1 Flowchart of the coding 42 
  3.4.2 Coding description of WISOC 43 
  3.4.3 Coding with Arduino IDE 46 
  3.4.4 Drawing using Fritzing 46 
  3.4.5 Simulation using Proteus 8.0 47 
  3.4.6 Interfacing using Blynk Application 48 
 3.5 Electrical Equation used for WISOC 54 
 3.6 Calibration of WIOSC 55 
 3.7 Procedures of testing the appliance summary 56 
 3.8 Product Costing 59 
 3.9 Summary 59 
   
Chapter 4 RESULT AND DISCUSSION  
 4.1 Introduction 60 
 4.2 Results 60 
  4.2.1 Acer Laptop 65W 61 
  4.2.2 Bulb 100W 63 
  4.2.3 Sharp Television 130W 65 
  4.2.4 Sharp Refrigerator 130W 67 
  4.2.5 Panasonic Rice Cooker 650W 69 
  4.2.6 Panasonic Electric Thermo Pot 700W 71 
  4.2.7 Midea Baking Oven 800W 73 
  4.2.8 Panasonic Microwave Oven 1500W 75 
  4.2.9 Elba Water Heater 1800W 77 
  4.2.10 Faber Water Heater 2000W 79 
 4.3  WISOC as early detection device for 
 inefficient household appliances 
81 
 4.4 Summary 81 




Chapter 5 CONCLUSION  
 5.1       Introduction 82 
 5.2 Project Summary 82 
 5.3 Limitation 83 
 5.4 Recommendation and Future Works 84 
 5.5 Summary 85 
   
REFERENCES  86 
APPENDIX A WISOC Coding 90 
APPENDIX B Testing of Appliance 96 






LIST OF TABLES  
Table  Page 
   
2.1 
Comparison between Wi-Fi, ZigBee and Bluetooth 
wireless communication protocol 
14 
3.1 
ACS712 Current Sensor connection with WEMOS D1 
Mini Pro 
35 
3.2 OLED Display connection with WEMOS D1 Mini Pro 36 
3.3 
Step-Down Transformer (240Vac to 5Vdc) connection 
with WEMOS D1 
36 
3.4  Specification of the power supply module 39 
3.5 Specification of the OLED display 40 
3.6 Specification of Fluke 317 True RMS digital Clamp Meter 41 
3.7 Coding of WISOC and its description 43 
3.8 List of electrical parameters in Blynk application 50 
3.9 List of the component price 59 
4.1 








Sharp television 130W rated power parameters for 15 
minutes measurement test 
65 
4.4 
Sharp refrigerator 130W rated power parameters for 15 
minutes measurement test 
67 
4.5 
Panasonic rice cooker 650W rated power parameters for 12 
minutes measurement test 
69 
4.6 
Panasonic electric thermo pot 700W rated power 
parameters for 15 minutes measurement test 
71 
4.7 
Midea baking oven 800W rated power parameters for 5 
minutes measurement test 
73 
4.8 
Panasonic microwave oven 1500W rated power parameters 










Elba water heater 1800W rated power parameters for 2 
minutes measurement test 
77 
4.10 
Faber water heater 2000W rated power parameters for 2 





LIST OF FIGURES 
Figure  Page 
   
1.1 Malaysia's electricity consumption 1 
1.2 Energy Efficiency Label 4 
1.3 Plug-in power monitor without IoT 5 
1.4 Plug-in power monitor with IoT 5 
2.1 Electromechanical meter or Conventional meter 10 
2.2 Electronics meter or Automated Metering Reader (AMR) 11 
2.3 Smart Meter 12 
2.4 WISOC Power Monitoring Device 13 
2.5 Analysis of non-linear loads current and voltage 16 
2.6 TNB Domestic Category Pricing Tariff 26 
2.7 SEB Domestic Category Pricing Tariff 27 
2.8 SESB Domestic Category Pricing Tariff 27 
3.1 Methodology Flow Chart 30 
3.2 Project’s Flow Chart for FYP 2 31 
3.3 Project’s Flowchart for FYP Final 32 
3.4 Block diagram of the project 33 
3.5 Conceptual design of the project 34 
3.6 
WISOC major component connection and drawing using 
Fritzing software 
35 
3.7 WEMOS D1 Mini Pro v1.0 37 
3.8 Current Sensor (ACS712) 38 
3.9 
Power supply module for WEMOS using source from main 
AC line 
38 
3.10 0.96’ inch OLED screen display 39 
3.11 AC socket outlet for WISOC 40 
3.12 True RMS Clamp Meter Set 41 
3.13 The coding flowchart for the first section 42 
3.14 






3.15 The Arduino IDE interface 46 
3.16 The Fritzing application interface 47 
3.17 The circuit design and simulation using Proteus 8.0 48 
3.18 Blynk app user interface 48 
3.19 The WISOC Blynk application 50 
3.20 Power monitoring chart for analysing 52 
3.21 Power monitoring chart clear view 52 
3.22 The time range that are available for Blynk 53 
3.23 Selecting only one parameter 53 
3.24 Calibration of WISOC 55 
3.25 The Calibrate slider 55 
3.26 Appliance power rating label 56 
3.27 The live wire is taken out to clamp to true rms clamp meter 56 
3.28 
The Blynk application is set according to the specified 
electrical rating label 
57 
3.29 The appliance is tested in a given duration 58 
3.30 The procedures of testing appliance summary flowchart 58 
4.1 
Graph of difference between current measured and current 
of true rms clamp meter against time for Acer Laptop 65W 
61 
4.2 
Graph of difference between power rated value and power 
measured against time for Acer laptop 65W 
62 
4.3 
Graph of difference between current measured and current 




Graph of difference between power rated value and power 
measured against time for Softone bulb 100W 
64 
4.5 
Graph of difference between current measured and current 




Graph of difference between power rated value and power 






Graph of difference between current measured and current 




Graph of difference between power rated value and power 
measured against time for Sharp refrigerator 130W 
68 
4.9 
Graph of difference between current measured and current 




Graph of difference between power rated value and power 
measured against time for Panasonic rice cooker 650W 
70 
4.11 
Graph of difference between current measured and current 
of true rms clamp meter against time for Panasonic electric 
thermo pot 700W 
71 
4.12 
Graph of difference between power rated value and power 




Graph of difference between current measured and current 




Graph of difference between power rated value and power 
measured against time for Midea baking oven 800W 
74 
4.15 
Graph of difference between current measured and current 
of true rms clamp meter against time for Panasonic 
microwave oven 1500W 
75 
4.16 
Graph of difference between power rated value and power 




Graph of difference between current measured and current 




Graph of difference between power rated value and power 




























Graph of difference between current measured and current 




Graph of difference between power rated value and power 





LIST OF SYMBOLS 
 
kWh − kilowatt-hour 
kVA − kilovolt-ampere 
V − voltage, volts 
I − current 
A − ampere 
Irms − root-mean-square current 
Ipeak − peak current 
Vrms − root-mean-square voltage 
Hz − hertz 
S − apparent power 
P − real power 
Q − reactive power 
θ − theta (angle) 
E − energy consumption 
t − time 
W − watt 
Vcc − voltage common collector 
Gnd − ground 
Vout − voltage out 
MB − megabytes 
cm − centimetres 
℃ − degree Celsius 
pf  − power factor 
Prms − root-mean-square power 
% − percent 
± − plus, minus 




LIST OF ABBREVIATIONS 
 
WISOC − Integrated Wi-Fi Socket Outlet with 
Power Consumption Reader 
OLED − Organic Light-Emitting Diode 
IoT − Internet of Things 
RM − Ringgit Malaysia 
CIA − Central Intelligence Agency 
EE − Energy Efficiency 
AC − Alternating Current 
DC − Direct Current 
Wi-Fi − Wireless Fidelity 
CO2 − Carbon Dioxide 
SEB − Sarawak Energy Berhad 
LCD − Liquid Crystal Display 
AMR − Automated Metering Reader 
AMI − Advanced Metering Infrastructure 
SMS − Short Message Service 
IEEE − Institute of Electrical and Electronics 
Engineers 
GSM − Global System for Mobile 
communications 
IC − Integrated Circuit 
BLE − Bluetooth Low Energy 
TNB − Tenaga Nasional Berhad 
SESB − Sabah Electricity Supply Berhad 
I/O − Input and Output 
SIRIM − Standard & Industrial Research Institute 
of Malaysia 










1.1 Project Background 
 
The total electricity demand consists of one essential part which is the power 
consumption in the residential area. There is an increase in electricity consumption in 
Malaysia from March 2018 to April 2018. According to the Department of Statistics, 
Malaysia’s electricity consumption per household for March 2018 is 11,336.10 kWh and 
increase by 4.4% to 11,837.33 kWh in April 2018 [1]. According to CIA data, the 
electricity consumption in Malaysia rises from the year 2009 to the year 2018 based on 
Figure 1.1 [2]. 
 
 







































The data above shows that the increasing amount of the electricity consumption 
is due to the high number in the number of electrical appliances used by the consumers. 
Inefficient or overconsumption electrical appliances in the residential sector is also the 
major cause of the increasing amount of electricity consumption [3]. The consumer can 
save electricity by improving energy efficiency and conserving energy. Improving energy 
efficiency (EE) can be done by choosing the right appliances that can produce the same 
requirement which use less energy. Choosing the right appliances is important by 
replacing old appliances as the old appliances are inefficient. Conserving electricity is 
about performing fewer activities that use electrical appliances [4].  
 
Most consumers are unaware that overconsumption and inefficient electrical 
appliances can cause an overcharged in their electricity bills. Consumers often pay more 
for the electricity that had been used even though consumers can pay a little less than the 
said electricity bills. Thus, a low-cost device is developed to avoid the overcharged bill 
due to inefficient or overconsumption home appliances. The device can be used to 
identifies overconsumption home electrical appliances and observe the real-time power 
consumption of the home appliances. The device involves in the Internet of Things (IoT) 
which is important for the Fourth Industrial Revolution or Industry 4.0 which is essential 
for energy digitalization and revolutionizing energy efficiency (EE) [5]. The power 
consumption data from the microcontroller are transferred wirelessly to the Internet for 
monitoring and analysing. The power consumption data can be view using smartphones 
and computers without needing to check directly at the device’s OLED Display. The data 
can be used as an energy saving proposal. 
 
The device can detect which home electrical appliances that are inefficient or 
overconsumption by comparing the power consumption display by WISOC with the 
electrical power rating label of the home appliance. The output power from the appliance 
must be lower than the rated power of the appliance. The consumers will be alerted if the 
output power is higher than the rated power. Thus, comparing can identify which home 
electrical appliances are inefficient and avoid an overcharged electricity bill.  
 
The device is named as Integrated Wi-Fi Socket Outlet (WISOC) with Power 
Consumption Reader. It consists of WEMOS D1 Mini Pro, an OLED display screen, 




ACS712 Current Sensor is used to measure the value of the input current of a single home 
appliance. Initially, a coding to calculate electrical parameters is uploaded to the 
WEMOS. The input data from the current sensor will be sent to the WEMOS. The 
WEMOS will integrate with the coding and process the data received and display it on 
the OLED display screen. The WEMOS is embedded with a Wi-Fi module thus it can 
access the internet and transferred the data to a designated website to extract the electrical 
parameter values database. This device allows consumers to monitor their energy 
consumption through the device’s OLED display screen and on the website using 
smartphones and computers.  
 
The project is developed with the integration between software and hardware 
components to display the plugged appliance energy consumption and its cost in kilowatt-
hour (kWh) and Malaysian Ringgit (RM) respectively. The significance of the device is 
to reduce the time for consumers to be aware there are inefficient or overconsumption 
appliances that can cause high electricity bills. Other than that, the motivation on 
increasing the awareness about energy consumption would be used efficiently among 
consumers. This would also reduce the consumers' electricity bills and indirectly solving 
the environmental problem [6]. 
 
 
1.2 Problem Statement 
 
There are a few home appliances that are needed to be check because long-term 
home appliances can cause over-consumption of energy consumption. According to a 
survey, more energy is used than the specification by one out of five home appliances. 
An AEG fridge freezer was tested, and it was found out that the appliance consumed more 
than 12% power than stated consumption. Furthermore, there is also a vacuum cleaner 
that uses up to 54% electricity from the plug than advertised [7]. This survey shows that 
there are appliances that are not according to the guideline for energy efficiency (EE) 
label. Home appliances such as television, refrigerator, domestic fan, and air conditioner 
must be affixed with the Energy Efficiency Label as shown in Figure 1.2 [8]. Inefficient 
home appliances can consume energy more than the stated energy consumption and it 





Figure 1.2: Energy Efficiency Label [8] 
 
In Malaysia, the most significant source of energy consumption and greenhouse 
gases emissions is the power industry (electricity). Among all the other greenhouse gases, 
more than 60% of the greenhouse gas effects are from the emissions of CO2. The CO2 
gases are the primary causes of global warming and climate change. Thus, the emission 
of CO2 needs to be reduced and mitigated as it becomes an issue to achieved sustainable 
energy which helps to minimize the negative effects of climate change [9]. The increase 
in the number of home electrical appliances causes the growth of energy used and 
electricity demand. Therefore, the goal to mitigate energy crisis and the environmental 
problem with the energy reduction in the residential sector is a very challenging task. 
Thus, the proposed device can reduce CO2 emission by reducing the energy consumption 
used by inefficient or overconsumption home appliances. 
 
Current plug energy meter less involved with IoT as the IoT emerged as one of 
the most vital parts in achieving digitalized industry in energy management. Most plug 
energy meter still monitors through its display and this probably can trouble the 
consumers as they are not available close to the device most of the time to check the 
power consumption. The plug-in power monitor shown in Figure 1.3 is an example of 
non-IoT whereas the plug-in power monitor in Figure 1.4 is an example of IoT [10]. The 
